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7:  'E By Edwin J. Saltman and William P. Asher 

Li f t  and drag characterist ics of a 60° delta-wing  interceptor 
airplane  incorporating  fuselage  extension and indentation have been 
detCrmined i n   f l i g h t .  The data were obtained Over the Mach  number 
range from &out 0.7 to 1.15 and for   a l t i tudes of 25,000, 40,000, and 
50,000 feet .  These data are compared with the l i f t  and drag character- 
i s t i c s  of an airplane w i t h  a 6irnile.r wing, but whAch did not  incorporate 
modifications  to  indent  or  lengthen  the  fuselage,zto  determine whether 
transonic drag was reduced a t  high Reynolds numbers  by improving the 
cross-sectional-area development. 

The resul ts  of the  investigation  indicate  that  anticipated tran- 
sonic drag reductions have been realized,  the  reduction amounting t o  
about 0.0050 i n  drag  coefficient a t  a Mach  number of about 1.1. This 
reduction  amowts t o  about 25 percent of the  drag rise for the  proto- 
type  airplme. The reduced transonic drag of  t h e  modified  airplane 
r e s u l t e d  i n  an imqrovement i n  mrximum l f f t -drag  r&io of  about 15 per- 
cent   in  t h e  supersonic  region. 

There are   s ignif icant  changes in longitudinal, t r i m  which r e s u l t   i n  
less trim drag for the modified  airplane. These changes i n  t r i m  amount 
t o  from 1' t o  9 Less control  deflection needed Ey th&,,modified a i r p h n e  
a t  moderate l i f t  condltions. 

Three se t s  of  comparable model data are  included. These low Reynolds 
number tests indicated  reductions  in drag coefficient, due t o  indenting 
and extending the  fuselage,  ranging from 0.0025 t o  O.OO43 at a Mach  number 
of akout 1.1. 
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INTRODUCTION 

Wind-tunnel investigations asld theoretical   studies have led t o  
methods of reducing  the drag of airplanes at tramonic speeds. F l i g h t  
t e s t s  of delta-wing  interceptors a t   t h e  NACA High-speed Flight  Station 
were i n i t i a t e d   t o  determine at f u l l  scale the reductions i n  drag which 
could  be  achieved.by smoothing the  cross-sectional-area development and 
by cambering the leading edges of a delta wing. 

The technique of  smoothing the area development, popularly lmown 
as the area rule (ref. I), has been used t o  improve the performance 
of a camber& delta-wing airplane  recently tested at  the High-Speed 
Flight  Station at Edwards, C a l i f .  Details of the  resultant-  transonic 
drag reduction  are-presented  herein. 

The modifications  involved i n  smoothing the area development  con- 
sisted primarily of lengthening the fuselage t o  improve the  fineness 
r a t i o  and indenting the fuse1-e i n  the region of the w i n g  t o  reduce 
the  overall  m a x i m u m  cross-sectional area. The resultant  configuration 
will hencef"orth be referred to  as the m o d i f i e d  airplane. . 

The drag characterist ics of the  modified  airplane me compared t o  
those of a delta-wing  airplane  incorporating only the cambered leading- 
edge improvement (fuselage  extension and indentation  not  incorporated). 
Details  pertaining  to th i s  configuration, referred t o  i n  this ps5er-.as 
the prototype  airplane, are presented i n  reference 2. 

In  addition, comparison i s  made with unpublished data from 
l/X)-scale,  1/5-scale, and equivalent-body models  which also  incorpo- 
rated  fuselage  extension and indeqtstim. . 

airplane  cross-sectional  area,.sq f t  

longitudinal  wceleration, g units 

normal  acceleration, g uni ts  

drag cocf f i c ien t  , D/qS 
difference between the minimm drag  coefficient above the 

-drag  r ise  and the  minimum dr& coefficient  at-the  begin- 
ning of the  drag  r ise 
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Fn - W a i l  

q.s 
longitudinal-force  coefficient, 

mean aerodynamic chord, f t  

drag  force along fLight path, lb 

Je t   th rus t  , Lb 
net  thrust  , lb 
ram drag, lb 

gravitational  acceleration,  ft/sec2 

l i f t  force normal t o  flLght path, lb 

maximum l i f t -d rag   r a t io  

fuselage length, f t  

Mach nmiber 

ambient pressure, lb/sq f t  

-ic pressure, o .1M2po, &/sq f t  

Reynolds number based on m e a n  aerodynamic chord, p E / p  

wing area, sq f t  

true  airspeed,  f t /sec . 
airplane weight, lb 

angle of attack, deg 

effective  longitudinal  control  deflection, 
6eL + 6eR 

2 9 deg 

viscosity,  lb-sec/ft2 
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Subscripts : " . " 

L l e f t  

m modified 

P  prototype 

R r ight  

Airplanes 

The prototype  airplane is -a 60° delta-wing  interceptor  parered by 
a single  turbojet  engine  with  afterburner. The engine i s  supplied air 
through M n  side  inlets  which join ahead of the compressor face. The 
airplane does  not have a horizontal tail but   u t i l i zes  elevons at the 
wing trailing edges for Longitudinal  control. Detailed physical  charm- 
t e r i s t i c s  of this   a i rplane can be found Fn table  I. 

.. . 

While the  general  physical  features of  the modified airplane are 
the  same as those mentioned i n  the  preceding  paragraph,  certaln impor- 
tant details have been changed. The wtng is  the same with the exception 
of the  trailing-edge reflex a t   t h e  wing tips which has been reduced from 
LOo t o  6 O .  me..fuselag&has been greatly.modified from that  of the proto- 
type,  as  can  be  seen in   t he  photographs of f igure 1. The overhead views 
of  figure l (a )  show the extended nose; the indented fuselage, a d  the 
added  volume a t  the tail cone on the modified airplan+ The side views 
shown in  f igure l ( b )  i l l u s t r a t e  the fuselage  extension ahead of the wing, 
the  duct inlet changes, and the  addition of tail-cane pds on the m&- 
fid airp'me. The v e r t i c a l   t a i l  has been moved  rearwu-out 2 feet  
re la t ive   to   the  mean aerodynamic chord and the  overall  increase  in  fuse- 
lage length is  ab.o&- 11 fee t .  .. The effect  of .these modifications on the 
cross-sectional-area  dfstribucion is shown i n  figure 2 - k d  a comparison 
of the  physical  characteristfcs of the two airplanes c m  be seen i n  
table  I. Three-view drawlngs are shown fu r  comparison in   f igure  3. 

. .  . . 

Models 

-. The two 1/20-scale .models (one  prototype, one 
the k l e y  8-foot.  transonic  tunnel by Kenneth E. 

. -  

Tempelmeyer M d  Robert S. Osborne. The wings of both m o d e l s  were cam- 
bered similar to   the  ful l -scale  wing; however, the  fence at the 37-percent 
semispan s ta t ion of the  full-scale wing yra6 not employed on the wing of 
e i ther  model. 

b 

rT. 
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The specific  deviations of the models fm exact models are as 
follows: for the  prototype model, the  fuselage was 0.2 inch  smaller fn 
diameter and the tdl cone about 1. l inch shorter than a true  scale  model; 
for the modified airplane  :del,  the amount of  t re l ing-edge reflex out- 
board of  the elevon w a s  10 up instead of 60, as on the  full-scale air- 
plane. In addition, t h i s  model had a shorter nose than the full-scale 
airplane and it did  not have pods a t  the t a i l  cone or  simulated a i r  flow 
through the duct system. However, rearward froan the canopy the  fuselage 
was modified  according t o  the same concepts as were used i n  modifying the 
fuU-scale airplane. 

1/5-scale models.- The two 1/5-scale models were  rocket-propelled 
vehicles  tested at the Pi lot less   Aircraf t  Research Stat ion by Harvey A. 
Wallskog. Both models  had symmetrical  section wings without  trailfng- 
edge reflex; however, both had air flaw through  the  duct systems. 

The specific  deviations of the  modeb from exact models are 86 
follows: for  the  prototype model, fences were mounted only at the 
67-percent-semispan station, and, in  addition, the fuselage was a l lgh t ly  
enlarged a t  the  base; for the m o d i f i e d  airplane model, there were no 
fences and the nose was shorter than that of  an &act model. 'Rearward 
from the canopy the fuselage was modified according to   t he  same concepts 
as were  used for the   ful l -scale   drplane.  

Equivalent-body  models. - The approxbate  1/60-scale equivalent-body 
modeLs were bodies of revolution machined from stegl and aluminum with 
three  hexagonal-section  stabilizing f i m  pinned in   p lace  along the  af ter-  
body. The equivalent  cross-sectional  duct  area w a s  subtracted from the 
body of revolution  along  the inlet region t o  the  base and, in  addition, 
the  cross-sectional  area of  the  s tabi l iz ing fins w a s  removed from the a f t  
region. 

INSTRUMENTATION AND ACCURACY 

Instrumentation 

The modified airplane  carried  standard NACA recording  imtruments 
and synchronizing tFmer f o r  measuring quant i t ies   per t inent   to  the Lift 
and drag investigation.  Fuel  quantity  (for  determining the center-of- 
gravity  location and airplane w e i g h t )  was recorded by the   p i lo t  from a 
standard  cockpit  instrument. 

Free-stream t o t a l  and static  pressures were obtained frm points 
79 inches and 7 1  inches,  respectively, ahead of the intersection of the 



nose cone and the nose  born. Angle of attack wa.a measured by a vme 
located 52 inches ahead of this intersection. 

Total  temperature used to   ca lcu la te   th rus t  w a s  measured  by a 
shielded  resistance-type  probe  located beneath. the fuselage. In addi- 
t ion,   to ta l   pressure at the  carpressor  face was obtained by 30 probes 
( 5  probes on each of 6 radial m e s )  locat& immediately ahead of the 
canpressor  face.  Flush  static  orlfFces  located  near  the  total-pressure 
survey s ta t ion  provided static-pressure measurements fo r  the canpressor 
facel  Tailpipe exit total pressure w88 obtdned by an air-cooled  probe 

." 

\ located  near  the  nozzle  exit  plane of the  dterburner.  

Accuracy 

The angle of attack wa8 measured fo r   t he  modiffed airplane a t  a , 

point 52 inches ahead of-the  interseiction  of. the nose  cane with the no8e 
boom, which was  about 6 inches  greater  than  the'distance fbr the piwto- 
type airplane. Eence, the angle of attack as measured should  experience 
approximuely  the same (or  less)  upwash as W&B encountered in  the  proto- 
type  airplane  investigation of rePerence 2. Because the  effects  of 
pitching  velocity and i ne r t i a  loads were accounted f o r  and the  physical 
de ta ih  of the vage-boom system m?e similar t o  those of the  prototype 
airplane, the overall  angle-of-attack accuracy is believed t o  be kO.25' 
at CL 6 0.2 and ...M .y 0,8, the same -as that .for  the  prototype " Y " 

instal la t ion.  

The remaining instrumentation  used in the  present  studies is sW- 
lm t o  tha-kemployed in  the  prototype  airplane, hence the  details   per- 
ta=ining to-accuracy i n  reference 2 are vaUd  for these test.8. It is 
concluded that the  error in drag coefficient  for s m  data (which were 
derived fram faired basic. da ta )   for  CL 5 0.2 is within 0.0010 except for  
the Mach  number region between.D.93 and 1.02 during the drag rise where 
the  error.  is greater. 

The accelerameter method was used t o  determine the l i f t  and d r a g  
characterist ics of the test airplane. This method  employs the following 
equations : 

CL = CN cos a - CX s in  a 

CD = CX cos a + % s i n  at 
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where 

F, - WaZ 

ss 
cx = 

The single-probe method WBB used t o  obtain  tai lpipe  total   pressure (used 
i n  ccmrputing F-J) and the  inlet-duct method w a s  employed in de tembing  
F,. Details  regarding  these methods of drag & thrust  measurement can 
be obtained in  reference 3. 

The tests consisted of Uid-up turns and push-dams a t  approxlmate 
pressure  altitude  levels of 25,000, 4o,ooO, and W t W  feet .  These tes ts ,  
conducted Over the Mach iknber  range fram 0.70 5 ,  covered the 
Reynolds number range fran about 30 X 106 to 75 based on the mean 
aerodynsmic  chord. Center-of-gravity  location f o r  these  tes ts  was 
between 28 a;nd 29 percent of the mean aerodynamic-chord. 

Some of the basic flight data f o r  the modified atrplane  me  pre- 
sented in figure 4 which shaws the  variation of CL with a for  various 
constant Mach n d e r s ,  and i n  ffgure 5 which represents  the  variation of  
CL Kith CD f o r  the  sme Mach numbers.  Theee data and a l l  full-scale 
data t o  follow represent  the trbmed. condition. 

DISCUSSION OF RESULZS 

Comparison With Prototype Airplane 

In the follawing section  the trim, l i f t ,  and drw characterist ics 
f o r  the modif ied and prototype  airplanes  are compared t o  determine the 
effect  of the  fuselage  extension and indentation. Because the  center- 
of-gravity  position Limfts were the same f o r  both ahplanest  28 t o  

. .. 
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29 percent of the mean aerodynamic chord, differences  in trim control 
deflections  are  attributable  to the configuration changes compr'ising 
the modifications;  thus, it is proper t o  compare the da ta  of the two L 

configurations at their   respective trim longitudinal  control  deflections. 
Figure 6 indicates that there axe significant  differences.in trim 
resulting in from lo t o  2 O  less control  deflection needed by the modi- 
fied airplane-at  positive l i f t . .  It should pa noted that the modified air- 
plane  requires  less  gilot-indu-ced trim at.  posit ive l i f t  ev&  though 
this  airplane  possesses  less  built-in t r i m  in the  form of trailing-edge 
ref lex. 

- 

" 

" 

A comparison of the variation of C with Mach number is shown 
L, 

for   the  two airplanes  in  f igure 7. The camparison indicates  close 
agreementbetween  the two configurations  for Hft coefficients from 
0.05 t o  0.30. 

A more graphic  indication of the reductLon.of drag at t r ibutable  
to  the  modifications is  a camparison of 'the variation of drag coefficient 
with Mach nunbe-  shown in figure 10.. The.zero-lift drq for the  mdi- 
fied airplane is slightly lower at .the Lowest t e s t  Mach numbers but is 
essentially the sajfe- as the  zero-lif t  drag f o r  the prototype airplane 
prior  to the drag r i e .  In.the  supersonic  region the zero-lift  transonic - 

drag  advantage of the modified- airplane amounts to about 50 drag counts 
(0.009) at M = 1.1. This is approx-ately 17 percent of the  supersonic 
drag l e v e l   o f t h e  prototype  airplane  or 25 percent of the   p ro to typsa i r -  
plane drag rise. As can be see&, t h e . t r w o n i c  drag reduction is  essen- 
tially the same for  CL FJ 0.2 (a usable lift coefficient) as f o r  zero 
l i f t  . 

- 

" 

.- - . .  

Comparison  of Flight Results With Model Tests 

It is of  i n t e re s t   t o  campare the  effect8 of greatly modifying a 
configuration at . ful l  8ca . e  with- the. predictions of m o d e l  tests at low 
Reynolds number. M m y  models of this family of a i r p h e s  have been 
tested.  Unfortunately, the mddels of the modified airplane  tested in 
the  transonic  region do not  incorporate all the   external   physica7ea-  
tures of the full-scale airpl-we. Howeyer, 1/20- and 1/5-scale models 

.. . - 



w i t h  indented and extended fuselages and approximately  1/60-scale 
equivalent-body m o d e l s  have been tested and the results of these tests 
are compared H t h  models of the prototype  airplane of the same respec- 
t ive  s ize .  

The Reynolds number range  covered by the model tests, along with 
cer ta in   other   per t inent   detai ls ,  is canpared with the  full-scale air- 
planes i n  table 11. Other de ta i l s  can be found the section  enti t led 
"Mdels . I '  The area d is t r ibu t ion   for  each of the models i s  expanded t o  
its full-scale  equivalent and. is compared t o  the  full-scale airplanes 
in   f igure  11. A6 can be  seen, the models o f  the modified airplane  are 
shorter than the  full-scale m o d i f i e d  airplane and .the  cross-sectional 
area of the  l/X)-scale  modified model i s  greater than the  other models 
o r  f u l l   s c a l e  because the i n l e t s  were fa i red  Over. For  each of the other 
models, with open inlets, a m a s s - f l o w  r a t io  of 0.9 WBB assumed, hence 0.9 
of the inlet  capture  area was subtracted. frm the camplete model cross- 
sectional  area. A mass-flow ra t io  of 1.0 was assumed i n  removing h L e t  
area from the equivalent-body models. 

As can be  seen i n  table IT, the  full-scale  data  represent  the trimmed 
condition, whereas the 1/5-scale models have  about l . 5 O  of longitudinal 
control  deflection and the remaining models have none. While there is 
no sui table  way of adjusting the model da ta   t o  the respective trlm level  
of its full-scale  counterpart, it is be l lwed  tha t   the  increment of tran- 
sonic  drag  attributable  to  the  out-of-trim  condition of  the  various models 
is probably within the accuracy of the data. 

The transonic  drag-rise  variation w i t h  Mach number f o r  the prototype 
and the modified airplane is shown in  figure l.2 f o r  each m d e l  and for 
the  full-scale  airplane. In this case  the drag r i s e  LSD is defined &s 

the difference between the minimum drag at Mach nlmibers above the drag 
r i s e  and the minimum drag immediately pr ior  t o  the drag rise. P& (b) 
of  f igure 12 s h m  the  net inrprovement provided by the  modifications. 
The improvement is defined as the  difference between bc, f o r  the  prot- 
type airplane and. LCD fo r  the m c d i f i e d  afrplane. As can be  seen, the 
jmprovement predicted by the  1/20-scale model w e e s   q u i t e  w e l l  with 
the  full-scale  results,  being approximately 45 drag counts at M 1.1. 
The improv&ent as predicted by the 1/5-scale m o a e l s  is &out 25 drag 
counts at M = 1.1, while for the equivalent b- the inrprovement i s  
about  40  counts. 

A.cmparison of the flFght l i f t  and drag characterist ics of  the 
modified airplane and the  prototype  airplane gave the following results:  - 



1. The anticipated  transonic drag reductions  associated  with  the 
modifications have been realized. The transonic drag rise for   the  modi- 
fied airplane is about 0.Om lower than for the prototype  airplane a t  
a Mach  number of 1.1. This reduction amounts t o  about 25 percent of the 
drag rise for the prototype  airplane. 

2. MaxFmum l i f  t-drag ra t io   for   the  modified  airplane is f r m  10 t o  
20 percent  higher i n  the .s@sonic region and about 15 perc.ent  hfgher in 
the  supersonic  region. The modified airplane has s l igh t ly  lower drag due 
t o  l i f t  in the subsonic  region. 

3. There are  significant changes in  longitudinal trim which resul t  
i n   l e s s  trim drag for-   the  m o d i f i d  airplane. These changes in trim 
amount t o  10 t a  20 less control  deflection needed by the modified air- 
plane at-erattSlift, condftions. 

4. Three se t s  of campme;ble  model data at low Reynolds number Fndi- 
cat-ed reductions i n  drag  coefficient, due t o  indenting and extending t h e  
fuselage, ranging fram>about 0.0025 to 0.0045 at a Mach  number of ahout 
1.1. 

High-speed Flight-  Station, 
National Advisory Cannnittee f o r  Aeronautics, 

Eawards, C a l i f . ,  m y  9, 1957. 
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Designation 

Airplane: 
Prototype 
Modif i d  

Rocket model: 
Prototype 

, Modified 

i7ind-tunnel model: 
Prototype 
Mcdified 

Mdified 
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APPJXX- 
b a t e  
scale 

Full 
fill 

i/60 

1/60 

Yes 
Pes 

Pes 
Yes 

Yes 
No 

h c t  area 
subtracted 
from b e  

hubera 
wing 

Yes 
Yes 

No 
No 

YeB 
Yea 

" C  

"3 

28 eo 29 
28 t o  29 

21.9 
22 

"I""" 

leynolds 
number 

x 10 -6 

!5 t o  77 
io t o  75 

5 t o  39 
.6 t o  45 

. t o  4.8 

. t o  4.8 

4 t o  8 

1.3 
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0 
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"" 

""I 

Fineness 
r a t i o  of 
heoretical  
quivalent 

boay 

8.5 
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(a) Overhead view. 

Figure 1.- Photographs of both airplanes. 
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(a) Modified airplane. 

Figure 3. - Three-view drawings  of- both  airplanes. All dimensions 
inches. 
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(b) Prototype airplane. 

Figure 3. -  Concluded. 
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Figure 5. - Variation of dreg coefficient with u9t coefficient for the modified airplane. 
Trimmed fli!3ht. 
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Figure 6. - Plight trim characterhtics. 
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( a )   V a r i a t i o n  of C L ~  with CD. 

(b)  Variation of C, with CD. 
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Figxe 10.- Variation of drag coefficient with k c h  number. h b d  flight. 
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(a) Fquivalent-body mdels , (b) 1/20-ecaLe d e l e .  

1, f t  

(a) m - s c a l s  airplanes. 
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(a) Variation  transonic drag with Mach number f o r  both airplanes. 

(b) Difference in kransonlc drag coefficient increment between prototype 
airplane and modified ab-plaae. 

Figure 12.- Transonic drag characteristics of prototype airplane and modified airplane for  full- 
scale airplane., l/?-scale and 1/20-scale models, and equivalent-body m O a e l s .  
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